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Abstract 
Rural electrification in India has long been regarded as a pre-
requisite for social development. It is essential to accelerate 
economic growth, creation of employment, elimination of 
poverty and human development. Grid connectivity is the 
traditional way to electrify the rural areas. In large area and 
diverse country like India, with its unique geography, Current 
state of economy and habitations, grid connectivity is neither 
feasible nor cost effective. Therefore off grid solutions like 
Decentralized Distribution Generation (DDG) facilities stand as 
an ideal mode for supply of electricity. This paper presents an 
overview about the availability of resources, importance and 
benefits of the Decentralized Distributed Generation System for 
rural electrification 
Keywords: Rural Electrification, Decentralized Distributed 
Generation, Renewable resources, Solar etc.,  

1. Introduction 
With a rapidly growing economy and world’s second 
largest population, India is currently facing a heavy energy 
demand. Inspite of the massive growth in generation, 
transmission and distribution capacity over the last 
decades, demand for power has always grown faster than 
the increasing generation capacity. Although the country 
has achieved a total installed capacity of 255681.46 MW 
over last decades, peak and shortages of energy varying 
magnitude have been experienced from time to time. 
According to the survey, India’s total electricity 
consumption is expected to increase by 223% from1995 to 
2020. Currently, most of India's electricity consumers are 
in metropolitan areas; however, approximately 75% of the 
population lives in rural areas. The Indian power sector 
has traditionally relied on central grid coal plants, but their 
inability to adequately service the rural areas. But most 
villages still face recurrent power shortages, and some 
villages have no access to power. As a result, there is a 
substantial potential market for supplying reliable power 
to rural consumers. Distributed generation can be ideally 
utilized for standalone off-grid system or mini –grids for 
electrification of rural and remote areas where grid 

connectivity is either not feasible or very costly. DDG also 
helps to avoid impact of massive grid failure. 
 
2. Concept of Decentralized Distributed 
Generation    

Decentralized Distributed Generation (DDG) is defined as 
installation and operation of small modular power 
generating technologies that can be combined with energy 
management and provision of storage systems. It is used to 
advance the operations of the electricity delivery systems 
at or near the end user. These systems may or may not be 
interconnected to the electric grid. A distributed 
generation system can employ a range of technological 
options from renewable to non-renewable and can operate 
either in a connected on-grid or off-grid mode. The size of 
a distributed generation system typically ranges from less 
than a kilowatt to a few megawatts.  

 

Fig.1 Distributed Generation System 
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3. Distributed Generation over Central 
Generation 

Distributed generation (DG), otherwise known as 
distributed energy, is the production of energy  from the 
sustainable resources at or near the point of consumption 
for improved efficiency. This local generation reduces 
transmission losses and lowers carbon emissions. Supply 
security  is increased nationally as customers don’t have to 
share a supply or rely on relatively few, large and remote 
power stations. There can be also economic benefits. Long 
term decentralized energy can offer more competitive 
prices than traditional energy.  

    

 
 

Fig. 2 Central Vs Distributed Generation 

 
 
 
 
 
 

Table 1: Strength of Distributed Generation over Centralized Generation 

 

Value 
Distributed 
Generation 

Centralized 
Generation 

Continuous 
Power 

Facility to generate 
power on continuous 
basis. Important 
characteristics of DG 
for continuous power 
includes:                        
1.High electrical 
Efficiency                     
2. Low Carbon 
Emission 

Operated to provide 
continuous power, its 
characteristics results 
in:                              
1.Low electrical 
efficiency due to high 
losses at the 
transmission system      
2. High carbon 
emission 

Premium 
Power 

It provides electricity 
at a higher  level of 
reliability and power 
quality than typically 
available from the 
grid 

Provision of power at 
low reliability and 
power quality can’t 
be guaranteed due to 
inherent high power 
losses  

Cost 
Low Variable cost High Variable cost 

Low Maintenance 
Cost  

High Maintenance 
Cost 

Resiliency  

More resilient since it 
serves low power 
demands 
continuously 

Less resilient since it 
serves High power 
demands 
continuously 

Sustainabilit
y  

Sources of power 
makes it more 
sustainable 

Sources of power 
results in less 
sustainable 

 
 

4. Benefits of Decentralized Distributed 
Generation 

 Distribution system facilitates to utilize the waste fuel in 
to Energy 

 Most effective method to reduce the high peak load 
shortages 

 Distributed power generation systems can significantly 
reduce the losses and improve the reliability of the grid 
network. 

 Distributed generation can play a vital role for Remote 
Areas Electrification where centralized grid may not be 
economically feasible 

 Distributed generation system enables the easy capacity 
additions when required. 

 Distributed generation systems provide the possibility of 
combining energy storage and management systems. 
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 Distributed generation assists an optimal use of the 
grid that improves the reliability of the grid network 
and reduces the congestion. 

 Distribution systems avoid massive grid failure which 
results improve in the Power Quality and Ancillary 
Service 
 

5. Renewable Resources for Distributed 
Generation System 

Decentralized distributed generation (DDG) satisfies 
energy demand in-situ, thereby avoiding the need for long 
transmission and distribution infrastructure. It can also be 
customized to serve a variety of different load patterns 
using renewable and clean energy sources such as wind, 
solar,  hydro and  biomass.  

5.1 Wind 
Wind power describes the process by which the kinetic 
energy of wind is used to generate the electricity A total 
capacity of 22,465 MW has been established up to 
December, 2014 in India, mainly in Tamil Nadu, Andhra 
Pradesh, Gujarat, Karnataka and Maharashtra. Wind 
electric generators of unit sizes between 225 kW and 2.1 
MW have been deployed across the India. 
 
5.2 Solar 
India has huge solar potential. India has an average annual 
temperature that ranges from 25°C – 27.5 °C. The sunniest 
parts are situated in the south/east coast, from Calcutta to 
Madras. photovoltaic (PV) cells are placed on the roof top 
buildings to collect the solar radiation and convert into 
electricity.   
 
5.3 Hydro 
The hydroelectric power refers to the energy produced 
from water. The dominant annual rainfall is located on the 
north/eastern part of India. hydro energy could be 
harnessed during the rainy season. Good water 
management and reservoir system allows for continuous 
electrical generation throughout the year. 
 
5.4 Biomass 
India is very rich in biomass. Biomass includes solid 
biomass (organic, non-fossil material of biological 
origins), biogas (principally methane and carbon dioxide 
produced by anaerobic digestion of biomass and 
combusted to produce heat and/or power), liquid biofuels 
(bio-based liquid fuel from biomass transformation), and 
municipal waste (wastes produced by the residential, 
commercial and public services sectors). Biomass is any 
one of the organic material which has stored sunlight in 
the form of chemical energy. The biomass chemical 

energy is  incinerated  to produce the electrical power The 
leading States for biomass power projects are 
Maharashtra, Madhya Pradesh, Andhra Pradesh, 
Chhattisgarh, Gujarat and Tamil Nadu.   
 
6. Current Scenario of Indian Power Sector 

The Indian power sector is undergoing a significant 
change that is redefining the industry outlook. Sustained 
economic growth is placing enormous power demand in 
India. Electricity production stood at 911.6 Twh in 2013 
which is 4% growth over previous year. During 2014, 
electricity production at 967 Twh. Electricity productions 
expanded at a compound annual growth rate of 5.6%. The 
government of India focus to attain “Power for All” has 
accelerated capacity addition in the country. The Indian 
power sector has a wide strategy to achieve distribution 
reforms by focusing on system upgrades, loss reduction, 
theft control, consumer service orientation, quality of 
power supply, Decentralization distribution and supply for 
rural areas. The Indian government targets for deployment 
of various decentralized systems for off-grid applications 
for 2011-17 . Rural energy supply, rural electrification and 
rural solar lighting are areas that are receiving increasing 
impetus. Indian government focus on the greatest potential 
area of off grid relates to solar technologies. These include 
solar water heating systems, home lighting systems which 
include solar lanterns, solar pumps, solar cooking systems, 
small power generating systems. 

 
Table.2 Decentralized systems for off-grid applications for 2011-17 

 
 
*Source: Ministry of New and Renewable Energy, India 
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7. Conclusions 

A variety of issues affect India's rural electricity demand, 
including economic development, power reliability and 
environmental concerns. Electricity demand will probably 
be met by grid extension; there are rural communities in 
areas where grid extension is uneconomical or technically 
impractical. DG systems may represent one way of 
addressing many of these issues. DG systems may 
improve the reliability of India's electricity infrastructure. 
Increased reliability can stimulate job creation and 
improve productivity and improve the quality of life. DG 
systems offer location and planning flexibility, cost 
savings by avoiding T&D losses, and the economic 
benefits associated with manufacturing the technologies. 
This paper reports the concept, importance and benefits of 
DG technologies in India. This paper also provides the 
current scenario of Indian government about the DG 
implementation.   The combined CG and DG network in 
terms of sustainability, resiliency, economics of scale, and 
cost are proposed to be used in determining the optimal 
combination of DG and CG in the future grid. 
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